Abstract We are reporting a molecular comparative analysis of component 1 BBTV-DNA-R of an Egyptian isolate of (BBTV) and 30 different geographical isolates. DNA was extracted from BBTVinfected adult banana aphids collected from El-Qalubia Governorate, Egypt. Using specific primers the BBTV-DNA-R was amplified, cloned into a prokaryote vector, sequenced and a molecular comparative analysis of BBTV-DNA-R of this study and some overseas isolates of BBTV-infected banana plants was determined. Results showed that the component 1 consists of 1108 nts and contains a sequence of 69 nts representing the CR-SL of 31 nts. A CR-M (90 nts) at the position (972-1062) characterized with GC-rich sequence from nts 76 to 90 (average of 80% G + C) was found. Alignment results of BBTV DNA-R confirmed the presence of a number of conserved regions in all isolates. Large ORF of 861 nts at position 102 to 962 in the virion sense were detected. The predicted protein of this ORF consisted of 286 amino acids and had a molecular weight of 33.8 kDa. The DNA-phylogenetic analysis showed a percent identity of 98.0 and 97.9 between BBTV DNA-R and isolates of Pakistan (isolate TJ1) and Australia (isolate V1), respectively. The similarities between the gene product of Egyptian BBTV DNA-R and the 30 overseas isolates ranged from 93.7 to 99.0%. Differences in phylogenetic trees based on the entire sequence of BBTV DNA-R, CR-M and amino acid sequences confirmed the existence of two taxonomic groups of BBTV and the Egyptian isolate belongs to the south pacific group.
Introduction
Banana bunchy top virus (BBTV) of genus Babuvirus (family Nanoviridae) is the most dangerous banana viruses. Susceptible host species are found in the family Musaceae [45, 15] . The following species were susceptible to experimental viral infection: Musa sapientum (cv. Cavendish) [6] . Experimentally infected hosts mainly show symptoms of chlorosis, stunting and dark green streaks on the lower portion of the midrib and leaves. These streaks consist of a series of ''dots'' and short lines ''dashes'' often known as ''Morse code'' streaking. If fruit is produced, hands may have distorted and twisted forms [41, 51, 43, 12, 14, 32, 42, 39] .
The virus can be best detected in phloem [41] . It is transmitted by arthropods, insects of the order Hemiptera, family Aphididae; Pentalonia nigronervosa in a persistent manner [26] . The virus spreads in Africa Burundi, Gabon and Egypt [14] and occurs in Australia, Pacific Islands, the Philippines, and Taiwan [12, 36, 31, 42, 17] .
The virions consist of an 18-20 nm isometric non enveloped capsid surrounding a segmented genome that consists of at least six integral circular, single-stranded DNA components originally named DNA-1-6 and recently renamed DNA-R, -U3, -S, -M, -C and -N, respectively according to their putative functions [45] . The integral components were found in all isolates collected around the world [9, 30] . Each BBTV-associated component is 1.1 kb, and the transcripts have been mapped [18, 7, 8] . DNA-R encodes a replication initiation protein (Rep), which later was shown to support the replication of other non-Rep-encoding components and was found to be associated with a smaller internal gene in a +2 reading frame [24, 7] . The open reading frame (ORF) of DNA-U3 is not consistently present among characterized isolates, and the function of DNA-U3 in BBTV infection is currently unknown. DNA-S encodes a capsid protein [47] , DNA-M and DNA-N encode possible movement proteins [48] , and DNA-C encodes a protein that can bind retinoblastoma and may be involved in host-cell-cycle manipulation [4] . All BBTV integral components share a common genome organization; all have a conserved major common region (CR-M) and stem-loop common region (CR-SL), a potential TATA box 3 0 of the stem-loop, at least one major gene in the virion sense and a polyadenylation signal associated with each gene [7, 8, 10] . Several additional Reps have been reported in BBTV but are confined to banana cultivated in Asia [25, 9] . The existence of additional Reps may suggest opportunities for nanovirus evolution [16] .
In this study, the nucleotide sequence of DNA-R of an Egyptian isolate of BBTV amplified from the DNA extracts of the adults' BBTV-infected banana aphid (P. nigronervosa) was determined and a comparative analysis with the overseas BBTV isolates that of BBTV-infected plant materials was aimed. 
Materials and methods

Nucleic acid extraction
Nucleic acid was extracted from BBTV-infected adults of banana aphid (P. nigronervosa) collected from El-Qalubia Governorate, Egypt as described by Sadik and El-Karim [40] .
Primers used
Two primers (F1: 5 0 TGA GAG GCT TCT TCC CAG GCG CAC ACC TTG and R1: TCT GCT TCA GAG AGC TTC GTC 3 0 ) flanking the full length of BBTV-DNA-R were designed and generated from the sequences published by Harding et al. [22] . (Gene Bank Accession # S56276).
PCR amplification of BBTV DNA-R and sequencing
PCR mixes comprised 50 pmol of each primer (F1 and R1), 10 mM dNTPs, 1 U Taq DNA polymerase (Roche) and 1 ll of total nucleic acid extract (100 ng/ll). The reaction mixes were denatured at 94°C for 5 min followed by 30 cycles of 94°C for 1 min, 55°C for 1 min and 72°C for 2 min followed by 1 cycle of 72°C for 7 min. The PCR product was then purified using a High Pure PCR Purification kit (Roche), and was digested at 37°C for 2 h with AvaII. The digested products were purified using High Pure columns (Roche) and were ligated into pGEMÒ-T vector (Promega) at 4°C overnight using 2 U T4 DNA ligase (Roche) to form pRMAF1 plasmid. The ligations were then electroporated into Escherichia coli JM109. Selected clones were sequenced using automated sequencing and Big Dye Termination Cycle Sequencing Ready Reaction (PE Applied Biosystems).
Sequence analysis
The obtained DNA sequence was examined for similarity searching using the basic local alignment search tool (BLAST version of the national center for Biotechnology information (NCBI) http://www.ncbi.nlm.nih.gov/BLAST. The DNA sequences related to BBTV-DNA-R of 30 overseas isolates (Table 1) were collected and aligned with the nucleotide sequence of the PCR insert in pRMAF1 plasmid using the DNA Star Software Package (Expert Sequence Analysis Software, USA). DNA sequence was translated to protein using EditSeq program and then alignment using MegaAlign program was done.
Results and discussion
There are two groups of BBTV, the South Pacific group (isolates from Australia, Burundi, Egypt, Fiji, India, Tonga and Western Samoa) and the Asian group (Vietnam, Philippines and Taiwan), based on sequence analysis of BBTV DNA-R Figure 4 Phylogenetic analysis of BBTV DNA-R full length with the other isolates based on the nucleotide sequence. [ 29, 30] and BBTV-DNA-S-N [48] . These two groups differ by an average of 9.6% (DNA-R), 11.86% (DNA-S) and 14.5% (DNA-N) over the entire nucleotide sequence with an average difference of 32% (DNA-R), 38.6% (DNA-S), and 27% (DNA-N) within the CR-M [29, 30, 48] .
Results in Fig. 1 showed that the molecular size of the examined BBTV DNA-R Egyptian isolate was found to be 1.1 kb in length. This band was obtained in the positive control, as well as, the BBTV-infected plants and [29] . The overseas BBTV DNA-R fragments were ranged in length from 1103 to 1111 nts (Table 1) . Fig. 2 representing the nucleotide sequence of the obtained fragment.
On the sequence analysis, it was found that, the sequence of the full length of BBTV DNA-R contains a sequence of 69 nts represented the common region (CR)-stem loop (SL) in which a SL structure consisted of 31 nts has the sequence (TATTAT- Figure 5 Alignment of nucleotide sequence of BBTV DNA-R CR-M with 30 overseas isolates. The sequence nucleotides matches the Egyptian BBTV DNA-R CR-M were hidden, while the others that differ from it were written in boxes. TAC) was observed. This sequence is similar to that found in all geminiviruses and contains the origin of replication for single-stranded DNA viruses [35] . (Figs. 2 and 3 ). This function was supposed to be due to the presence of iterated sequences (iterons) in the viral genome with sequence (GGGAC) occurring as a tandem repeat on the virion-sense strand, 3 0 of the stem-loop (position 32-43 in the present study), and as a single iteron on the complementary strand, 5 0 of the stem loop (1085-1091) ( Fig. 2) . These iterons act as recognition sites for sequence specific binding for the initiation proteins. Mutation in these sequences negatively affects Rep binding in vitro and replication in vivo [23] . Findings of CR-SL sequence analysis in the present study agree with reports from Pakistan and India [3, 46] . The second CR was located at 5 0 of the CR-SL, called the major CR-M (90 nts) at the position (972-1062) and characterized with GC-rich sequence from nts 76 to 90 (average of 80% G + C). CR-M was possessed to direct synthesis of primer that initiates the formation of the complimentary strand of BBTV DNA component [13, 20, 21, 43, 11] .
A potential TATA box of nine nucleotides was identified and located downstream from the SL sequence in a distance of 41 nts with the nona nucleotide sequence (CTATAAATA) this box was found to locate before the start codon of an ORF by 42 bases. This box is commonly found in the gene promoters from 20 to 60 bp before the start of transcription, and any removing or altering in this sequence markedly reduces the promoter activity [2] .
Results also showed the presence of a large ORF of 861 nts, started with the translation initiation codon ATG at position 102-962 in the virion sense. In addition, one potential polyadenylation signal (PAS) was found, associated with the 3 0 end of the major ORF with 19 nts prior the stop codon. A GT-rich region contained the trinucleotide TTG located after this PAS. Another internal ORF of 129 nts was observed inside the main ORF which encode a protein of 42 aa with a molecular weight of 5 kDa. This ORF was found to have a PAS overlapping the stop codon. No other ORFs were identified in the component in either the virion or complementary sense which had appropriately located potential TATA boxes and polyadenylation signals. These findings came in line with previous studies [28, 7] .
The nucleotide sequence of the Egyptian BBTV DNA-R full length was compared with the nucleotide sequences of 30 different geographical isolates of BBTV DNA-R belonging to the two groups, i.e. 12 from Asian group and 18 from South Pacific group Table (1) . The alignment of BBTV DNA-R with these isolates confirmed the presence of a number of conserved regions in all isolates which are the CR-SL and CR-M. Additionally, the internal ORF was observed in all studied isolates and the PAS and the GT-rich regions were conserved for both the major ORF and the internal ORF. The same was observed in a study from Japan [17] . The phylogenetic analysis based on the BBTV DNA-R nucleotides, CR-M and the predicted protein sequences of the isolate under investigation and other 30 isolates confirmed the categorization of BBTV isolates under two groups, namely the Asian group and the South Pacific group in which The Egyptian isolate (A isolate) was found to be grouped (Figs. 4, 6 and 9 ). Results are illustrated by Fig. 6 . The existence of two geographical groups of BBTV was previously reported based on sequence variation in DNA-1(-R), DNA-6(-N), DNA-3(-S) and DNA-5(-C) [29, 30, 38, 48, 1] respectively.
Comparative analysis showed that the A isolate revealed high degree of homology to BBTV DNA-R sequences from Pakistan isolate (TJ1) and Australia (isolate V1), in a percent identity of 98.0% and 97.9%, respectively. However, the lowest identity was obtained in comparison with an isolate from Vietnam with percent identity of 89.3%. Sequence comparison Figure 6 Phylogenetic analysis of BBTV DNA-R full length CR-M with 30 different isolates based on the nucleotide sequence. of replicase at amino acid level showed greater identity (97.9-99.0%) with South Pacific group and (93.7-94.4%) with Asian group, than the nucleotide sequences ( Table 1) .
The sequence variability between CR-M of the 30 isolates was determined as shown in Fig. 5 , which illustrates the alignment report of the thirty-one CR-Ms. Figure 7 Alignment of BBTV DNA-R full length of Egyptian isolates. Similar letters were hidden, while the others that differ from our isolate (A) were written in shaded boxes. CR-Ms were outlined in the two boxes.
Results in Table 1 demonstrated that the comparative analysis of the CR-Ms. in which a maximum divergence of 6.7-10.1% (mean of 8.4%) was observed between the Egyptian isolate and the South Pacific group (1st group) and 62.9-69.7% (mean of 66.3%) with the Asian group (2nd group). These results showed that CR-M revealed CR-SL to be highly conserved between all reported isolates, while as CR-M found to be conserved within the same group but shows less identity between members of South Pacific and Asian group. Similar results were obtained before for BBTV DNA-S which indicates the important role of CR-M in the determination of the taxonomic group of the BBTV isolates [48] . Furthermore a case of genome reassortment was observed in Taiwan V-1 isolate. The same was observed in case of the BBTV DNA-C full length of this isolate [1] . This may suggest a concerted evolution in the CR-M of the Pacific or the Asian group [27] . Therefore, an alignment analysis between our isolate and the fore-published Egyptian isolates -Egypt 1 isolate with the accession number AF416465.1 [29] and Egypt 2 isolate with the accession number AF102780.1 -was performed (Fig. 7) . Figure 9 Phylogenetic analysis of BBTV DNA-R full length with thirty different isolates based on the amino acid sequences.
Interestingly we found that these two isolates have percent identity of 100% between them while and after 15 years our isolate showed 97.6% identity with them. In addition the differences between these isolates and ours were found in 26 positions eight of them were found in the CR-M only (five differences and three deletions), i.e., 28.5% of the differences were Figure 10 Alignment of amino acid sequence of Egyptian BBTV DNA-R ORF with thirty geographical isolates. The underlined characters represent the d-NTP binding motif (183-188). Amino acids that match the amino acids of the Egyptian ORF predicted protein were hidden, while the others that differ from it were written in boxes. located in 8.1% of the full component. The divergence in the similarities between the studied isolates in case of full length analysis and CR-M (Table 1) reflects that the CR-M undergoes an independent evolution a distant from the full length.
The ORF of the Egyptian isolate (A) of BBTV DNA-R predicted protein was consisted of 286 amino acids and had a molecular weight of 33.8 kDa. The sequence analysis of this protein was illustrated in Fig. 8 . In this sequence, the d-NTP binding motif GGEGKT was observed in the position 183-188 suggesting that it is a putative replicase protein [22] . Rep proteins have been found to be associated with a variety of plasmids of Gram-positive [49, 44, 19, 33] and Gram-negative bacteria [50] , single stranded DNA (ssDNA) and double stranded DNA (dsDNA) phages [5] and viruses, including the geminiviruses [34] , all of which replicate via a rolling-circle mechanism [18, 11] .
The alignment report of the gene product of BBTV DNA-R was illustrated in Fig. 10 . Results showed that the d-NTP binding motif was observed in all isolates (underlined letters). In 11 positions, isolates belonging to south pacific group were found to be different from Asian ones in the replacement of an amino acid with another-except for the two Vietnam isolates (1 and 2) in positions 153, and 143 and 169, respectively (Table 2 and Fig. 10 ). These variations were found to be unique for the group and could be used as a distinguishable tool between the two groups but further investigations need to be done in order to approve this postulation and examine its effect on the properties of the protein. In addition our isolate was found to be unique in three amino acid substitutions 47, 172 and 277, in which the amino acid Glutamic, Tyrosine/Histidine and Serine in the other isolates were substituted with Alanine, Asparagine and Phenylalanine in ours. These finding disagree with Islam et al., [37] who obtained only one change in the amino acid sequence of Replicase gene at position 95. The obtained changes in our isolate can play a point of study to perform an interfering strategy for overcome the Egyptian isolate of the virus.
As a conclusion, from the present study the differences in phylogenetic trees based on the entire sequence of BBTV DNA-R, CR-M and amino acid sequences of replicase protein, confirmed the existence of two taxonomic groups of BBTV and the Egyptian isolate belongs to the south pacific group. Also considering the fact that the CR-M region doesn't encode for any protein the recorded independent evolution may have no effect on viral replication, but it reflects an evidence of progress taking place in the viral genome that may be a mechanism by which the virus can overcome the host defenses, change its pathogenicity or change its host on the long term of evolution.
